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GEBHERAL VIEWS

The defense of a position {mplies ths necéssity of giving
to the defenders the means of remaining on the battle ground, in
the best oconditions of materiel and moxal gecurity, notwithstanding
the projectiles and machines of all kinds which the sssailant may
wae ageinst then.

The exﬁewience of recent battles, especially those of
Verdun snd the Somme, has shown the sver inoreasing intensity of the
cestructive action which the artillery is capable of pro&ucing¢ The
continually incresasing use of pieces of larger cslibre; firing more
and more powerful explosives, the great improvement in the

LY

methods of tlervestrial and aerial observation, maeke the destzuction
of any super’icial arrangenment and any insufficiently protectsd
shelter absolutely certain, if their position has been discovered.

To these means of destruction must be sdded the &8SPhyx-
iat;hg gases, whether coming from specisl machines or from the
Artillery, and against which the defender must be protected.

The sheltera to be built in the defensive positions will
thus have to fullil the following conditions ;-

1. Be proof against a bowbardment preceding an sttack.
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3. Offer the best habitable conditions.

4. Protget the occupants against the sction of deleteri-

effTects of the Pro dactilos naualliy emplioved to deatrow dur. onnalg
< LB CUV1LL00 usha ¢ 5o o W bA Y W - UL S,
m,/m
thet 1s high powex 230 snells and larger calibers.

But the power of thess larger shells is so great, thst
it would necessite o very imvortant conmstructions, ususlly difficnlt
to make. B0 it 18 becst, in the field construetion, to limit oursel-

T
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&

has lead us (in & previous study, to the calculation of the neces-

e

he results are summarized in the follow-

ing tables.
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Table I
UNDERGROUND - BUGOUTS

Thickness
Caliver.|Bxzplesive |Cosfficient |to be given Depth of | Place of
Charge. of the to the roofs| Penetra- the
ground. of dug outls.| tion. experiences
210 18 kgs. & 6.30 -- 3.00™ | Verdun
high %3 5.00 2.50 Mailly
charge ‘
305 35 kgs. 2 §.50 4.50 Verdun
o 700 3.75
380 68 kge. 4 8.50 3.50 Yerdun
A 74(}0 ' 300

4320 106 kgs. 2 14.50 8.75 Verdun
12.50 750

o
R

__ SPACING OF ELTRANCES.

& Lo Lo oweters for the Z10. 10 %o 15 meters for the 380.
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14 Yo 16 meters for the 450,
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Table II
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Topcover for a - 2.50 meters ~ Sidewalls.
xﬂg, e
Gzliiver.| Vault with a Siab 2.50
2.50 meters meters in
opening. length.

Ordina-|Special | Reinforced |Ordinary|Special |Reinforced
g 1y Hes-|Conerecvs | Soncrete. Mssonry.| Concrete| Concrate.
onLY . ‘

EARY Z.00 1480 1.00 1.25 1.00 0.75
a5 R4S 1.73 L.58 1.50 l1.25 1.00
&aU0 1.50 1580 1.25 1.00

7
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5 Se 030 1.75 1.75
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2nd Type
Reinforced | Broksn stones Interior lining
Caliber.| Concrete Bursters or sand.
Crdinary Specisl
Aasonry. Concrete
l. 20
210 0.75 1-:00 1.00 050
308 1.00 1,00 1.00 0.50
380 1.285 1.00 1.00 0.50
220 1.50 1.00 1.00 | 0.50

We will now study successively the underground dugouts and

gurface ghelters and see how to realize in tuneir construction, the

general conditions enumerated above.



Part. I Underground dugouts.

Chapter One

1.~ CHOICE OF THE GENERAL PILAN.

The choice of a plan for & &ug-out will depand on its use and
loeation {i.e. first-line dug-out for Infantry, for reenforcements,
commanding prosts. , dressing-stations, machine-gun positions, eta..)

The Underground dugouts work being generally a difficult jobd,
becaugse of the time end the men it takes, one should slways, by s

- well thbught out choice of the situations and their ¢istribution or
general arrangement, edopt constructions that will necessitate the
least labor. |

In some’ cases, the construction of the dug out must bve progres
8ive, that is, alliow for its occupation before its completion. The
genersl arrangement of the rooms and communications with the outside
must then be so'plannad that the occupatian>of the dug-out would
not prevent its completion.

We will take up successively the outlets and the main bodies

of the dug outs.
2.~ ARRANGEMENTS OF THE OUTLETS.

The entry ways, always at least two; and three if possible
giving and entrance and exit to the dug outs, must satisfy the
following conditions.

A.- RAPID AND EA3Y MOVEMEHTS.
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B.~ REDUCTION OF THE POSSIBILITY OF Al OBSTRUCTED ELTRANCE
Weakest part ol the syster.

C.~ BFPICACIOUS DEFENSE Il CASE OF AN ENEMY RAID.

D.- RESISTANCE TO THE STATIC A3 WELL AS DYNAMIC ENERGIES,

CAUSED BY THE EKZFLOSION OF FROJECTILES.

These communications can be made by gallexies or by shafts.

GALLERY OUTLETS. ~

A. HOVEEZHT3.- dovemenis in a gallery cutlet will be miich

easler 1f the slove of the floor is siipght and if its cross-
section, in a vertical plane, will allow for the passage of an armed
and equipped man. The height of the gallery measured vertically,

comua—ce

must not be less then 1 8C metres for o« 2/3 slope; it must be 1,90

metres for & 1/1 slops.

The amount of the slope will be delermined by the local
topography and the depth of the dug out; but in a practically horie
zontal fterrain, it ia well to adopt a 1/1 slope, as that will allow
the following edvantages:- |

1. REDUCTICL OF EXCAVATION AND SIDE-SHEETTHG.

"The difference in the volumes of esrth removad from a 1/1
!

and & 2/3 slope both leading to a dug-ocut at a depth of ¢ meters
is about 9 cubic meters.

2. REDUCTION OF VULNZRABLE LENGTH.

The difference in the levels resched by & gallery of 1/1
slope and one of 2/3 slope 1é 0,33 meters for & horizontal dis-
tarce of 1 meter; the thickness of earth sbove the gallery thus in-
creases very rapldly and favors the attaining of the conditions of
resistance imposed upon the descents.

The 1/1 slope must nevertheless be considered as the
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1imiting slope both because of the difficulties of climbing a

steéper slope, and those that its execution wounld entail.

B. REDUCTION. OF THE POSSIBILITY OF AN OBSTRUCTED ENTRANCE.

This will be cbtained first of all by clearing away from the outer-
entrance all meterials that would, in case of s turning over of the
ground, make & mask aiffieult to pass through; to this end, no
lumver or log covers for the entrance will be made.

The proteétion will also be increased -

I. By commencing & gellery with an initial piotection of

a8t least 1 meter of natural earth, that will be reinforced by the

earth first excavated, or better, by two thicknesses of logs, or
rails, or Bﬁrsters seﬁarated by 0,50 metérg of earth. (See plates
1 and 2l.

The best protection, when practicable, is given by a

concrete magy completely surrounding the first two or three frames

{See plates 3 and 4).
2o By placing the frames sids by side for the first 4 or
5 meters of the incline.

C- DEFSNSE OF THE ENTRANCRS v DUG QUTS.

The assaillants, having arrivéd at the entrances of dug-
outs, will try to reduce the resistance of their occupants by
throwing inéida grenades or burning ligquids.

IT all the entrances to a Jug out are attaéked gimulte-
neousiy, if will be very &ifficult if not impossidle, for the
occupanis ito escape, unless relisf comes from the outside in the
form of & counter-attack.

The defense of dug outs must be planned in such & fashion
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that the assailsnts will be unable to reach the entrances,.
but that if they should succeed, they can be driven back by &

counver-atlack made Ly the occupants of the dug out.

THE DOVENSE WILL THUS BE ZETERIOR.

This result will be obtained by creating :-
1. fmmediately beside the opening, "vosts” that sre able to

Y

keep ap curtein firecs {barrage) with rifles and grenades, in the

. 21

gommunicating tronchos Leading Lo the dug ouls,

2. CQUTLELS that cen be concealed until the very I 51 moment,
sid from which will issue the part of the gurrison detailed to
make the counter wiilsenk.

With dug outs provided with three oponings this cyrangs-
ment will be very easy (Sse plate 5- Col. Cornesson’s dug out).

In the ceatral gallery, two guosrd rooms will be built on
& level with the othexr outer entranées; they can be reached by
steirs, and must be as Tar as possidle vhell-proof.

The central gallery, coming out to the rear, will serve
to wake the counter atiacks. Besides this, the entrancez to dug-
outs that have & “chicans"(fiiﬁiz;)in a vertical plane, can be used
for an interlor defense. The guard that is posted in the main body
of the dug out, at & depth of 8 metres, domimates the lowsr stoxy
(10 2trs deep) sees the adversary arrive there &ud can hit him

with his grenads s, while the raider {inds himself in very unfa-

vorable conditic.as to use his weapons, also the grenades thrown in
from the outside explode on the lower floor, without hurting the
men in the mein body of the dug out.

The constructions that have just been described are typical,

and though they permit the defense of the outlets, they are incon-

s i e

G gy
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venicubly difficult and sxpeusive o make. It would be better, in
most cages, to gubsbtitute for them the simpler arrangement called

the "Bitardsau” wiin interior defenss. (Plates 1 and 2).

It 18 composed of, (for & protective depth of about 4
neters of earth) a floor of 2,50 meters, able to receive,
after completion of the dug out, a splintsr screen around wich tae
gallery will make a double bend.

In this gplinter scres

,:s
;_}

the sentinel can hold under fire the steps of the stuire; & 1ittle
ditch coversd with & moveble woden step or stool will allow him to
assume an easy firing positior for cover *ing the entrance and fthe
first sisps.

A little room for periscopic observvations could be placed
on this landing.

A grillage door could be fastened so as to swing down 2
to 3 yéraa from the entrance; the grenades that might b& thrown
against these by the asssillants would thus be stopped, and would

tice diteh where they would szplode.

Hin

fall into a 1i

o~

This arrangement o¢f o turning gallery offers the advantage
of diminishing considerably the efizets of a projectile
exploding at the entrance.

It haes the inconvenience, however, of making the outlet
rather difficult, and it is sometimes preferable, because of this,
to place the bend &t the botiom of the steirs, on a level with the
main part of the dug out. The protection for the outlet

is in this manner better assured, but the defense of the outer

entrence is made more difficult.
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D. HAXIMUM REGT 3TANCE.

Let us assume that g projectile explodes over s descending

gellery at given point A : - (Fig.l]

biie Torces that affect the gallery may be represented by lines that
follow the raéii of rupture produced by the explosion of the charge,

that affect the ceiling of the gallery from B to C.

These effects may be considered a3 longitudinal and per-

gen&iculzg_ to the galler - The Pregsure on the earth causes also‘

resultant forces on the ceiling, which can, like the preceding ones,

tivided into effects perpendiculer and parallel to the gallery.
The lougitudinal ei'fects have & tondency to cause the
turning over of the frames, and the perpendiculer effects tend to

cause the rupture of the cap sills and top
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sheeting-vplanks of the frames by curving them in, and by compres-
sion of the pleces "normal"” fo the gallery. The turning over of

the frames will be avoided by a longitudinal bracing approapriate

to the kind of gasllery used. The rupture of the cap sills and
sheeting will be avoided by reinforcing the ceiling. (Chotce of
frames, use of a greater number, especislly toward the entrance).

1f the projectile explodes to one side of the
gallery, there will be pressures that will have a tendency %o deform

the frames and even to break the stanchions. Precautions can be taken

against these pressures by reinforcing transversally the frames and

reinforcing the sides of the gallery {using a larger number of

frames ).

BRACILG.

The galleries are at present timbered with ordinary
frames, or with cases set, either vertically or perpendiculaﬂy*to
the slope. We will examine the resistings guslities that these diffe-~

rent classes of linings offer.

a/ - GALLERY WITH ORDINAR: VERTICAL FRAMES.

Let us consider s frame AB; (fig. g) under the action of
longitudinal effects, it will tend to turn over C:C.W, the eaxrth's
reaction in A oppoving 1ts turning over C.W.

To prevent this movement we will need :-

let.~ A horizontal prop 6 held first at the cap sill and

upright at A, secondly on the preceding upright at a.
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2nd.- A gecond horizonial Prop e'! held Tirst on the ground
811l and the upright st 3

2p Secondly on the following uprizht at .
It 1s necessary 1o 2dd that the strain on the lower

Sill 13 very small bacauss of i1ts Titting into the floor
PLommy bs sonstdared

24 ihat in normal "terrain®
the frame'g tendency is to {

‘ “arn upwards by rotating on the ground
2il1.

of the gallery, sancd

The uprsr props (e) wiil successively transmit their
rt to turn over to the first frame, and 1t would be hest, if wo

effo

were contented with these

PR

brops, to mzke an outer frame C D E F at
the entrance of the gallery,

intended %o bring the final effort to
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veast oa the earth again. Thig arrvangement, bhegides impeding move-
sents, iz very vulnerable, and from that poin't of view alone it ig
impogsible Yo allow thp development of "hbracliuag® to rest here,

It magt therefors be com;ole*sve{l by prors Rl R;3 etc.,
practically pervendicular to the axes of the'galle;;;_t'hat will
allow each vsnel to be self supporting. sand that will contribute
with the props e sud g*o form in the gallery a rigid.
triangulay syvsten of framiag.

¢ the sicooo of the gallery is steep, the upper horizon-
f21 prove will be fastessd to the stanchions at a certaln distance

from the cap &ill, end could bend them. (fig.3)
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therefore be necessary. This will be assured by propping gll the
frames between each other with pieces ¢ e', Plam:ed in the angles
of the gallery, and attached to the sills and uprights rospectively.

The bracing will not be complete unless & frame is esta-
blished at the entrance, intended to bring to the earth the final
effort of turning over C.C.W, s&nd, when the work is finished, an
‘abut ment can be realized at the bottom pert alongA”ejﬁw

By fellowing the exumploe of the first case, the bracing

<o
could be completed by the use of symetlrical props Rl R?l etCeea, °

but in this manner we cannot odmplately aboligh the "glipping compo-

nents” that will always act on the frames during the construction

of the gallery through the cffects of an explosion, or even the
gimple pressure of the earth.

Besides this, if this method of tibering has some imperfec-
~tione, il hes seversl advantages;- It diminishes the amount of wood
neaded and is rather easy to build in & very good soil.

c/- Gallery with vertical cases

The working dimensions of these cases are the same as
those of the common gallery, that is 1,85 or 1,90 meterg high.
They are uéu&lly built with 22/8 planks ground sills and stanchions)
and 23/11 planks (cap-sills). GOmpafed with the frames of & common
gallery ¢f that height, the xesistaﬁce of stanchions nmdeof§é planks
would be wesker; the resistance of the cap-sills will be practie&lly
the same, but on the whole, the resistance per meter of length

is greater in the case of galleries bullt of cases.

By & process similar to that of the frames in vertical

woodworks, the gallery will be braced by planks 4cms thick,
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practically "nmormael" 4o the gallery., and fastened at the re-sntrant
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(See plate 2.)
The gallery with cases has the following disadvantages;

unt of timber difficulty to @ssure & proper filling in

of the sides and the ceiling, and consequently: - woodworks badly

fitted to the earth. Heoverthelsss, becauss of its easy construction,

W A3 £ . T
Cail V€ Trecommenaed for 1

('3

good terrain only.

d/~ Gallery with cases perpendicular to the slopo.

IToa ™A e
v

P - o~ S e P g I T N I S e A e
sed on some parts u‘f the front, this dethod is not recom-

mended because of the gifficeulty, 1f not the impossibility of its

#

bracing and its insufficient filling up of the empty spsces around

it
1Us

This forms a loos construction,

without auy adherence to the surrounding ecarth.

(IOIJ (;LL l)_]_ {_/

lst. Cagses .orvpondiculsr {9 tne slope musb bo cast sgide.

ciently bound to the earth, can be recommended fox infantry trorns

by whom they can be eawily plsced.
3rd. Ordinary Tlaues perpendicular to the slope must only

be used for v ory T’\r’pvm slopes, in very goo{i terrsin

= o AN GV Y R AW VOS oy

and wheun we seek Tor 8 rapld and economical execution of the’worke

4th. The preference rests with the vertic &l timbey-work

Trames, that well reinforced, form an excellent wood-work, per-

fectly joined to the suriounding earth.

T




TRANSVERSE BRACING.

80x8 7 angles with long screws”
o 0o o |

et R

{

(45.%)

face " a b " (3ee fig. 7)

CONCRETE ¥RALIS.

Our resources in

forced concrete frames has

framesg.

Vo prevent the dsformation of frames

in a transverse direction, the junc-
tion of the cap sill and stﬁnchions can
be braced by anzles of strap iron, of
50 mm/8 mm, fastened with wood-screws.
This jeint will be st1ll stronger if a
slot is cut in +he frames into which the
iron plates can fit. (Ses fig. 6)

But the abovs

&

process 1s usually

difficult to realize in the first lines.
in this case & =impler trangsverse rein-
forcement could ve employed, consisting

of four braces "' assuring the rigidness

ompper:

-of the angles of the gills and stanchions,

end of horizontal prop e fixed under
the cap-gill. Thia‘pieoe will also
increase the résistanoe,of‘
the stanchions, whichwill not in this con-
dition, asg might otherwise happen, bresk

slong the prolongation of the vertiesl

wool being very limited, the use of rein-

been suggested insteud of ordinary mine
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The "Technical Section of +the Enginesrs™ has built frames
for "Grand Galleries' and’"Common Galleries™, and alsoc "oval" frames,
the different parts of whidh can be put together with bolts. (See plates
6 and 7). v
Prom experience at the ilelette polygbn, it has been found
that the wooden frames are stronger than those of reinforced concrete.
(About double the resistance : & "grand gallery" frame of reinforced
conerete broke under & uniformly distributed weight of 18 tons). The
pressure of the ground caused by the action of heavy frosts in
January-February 1917, caused, in galleries built with reinforced
conoerete frame, & bending of the stanchions almost to the point of
& rupture, causingacrumbling of the concrete and an exposure of the
gsteel in many places; the wooden frames, under the same conditioqs,
suffered only en insignificant bending not reaching a point

of permanent deformation.

The reinforced concrete frames are also difficult to trans-

port and require greal csre, as the steel can be exposed at the

slightest shock. doreover, the construction of inclined galleries

is made difficult by the triangular form of the cap-sill.

Lastly, wood-works, based on the friction
between wood and concrete does not seem to have given satisfactory
results. .

To resune, the use of these frames seems 1o be limited to

excavated shelters open at the top, under conditions that the

frame 1s kept tight during construction, and of reducing to a mini-
mum the movements end successive handlings necessary to bring the

materials to the plsce of uss
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SHAFT OUTLETS.

&mong all outlets, the shaft is the one that needs the

least work, bat if it is less exposed than an incline, it is

uniortunately easier to put out of gervice. ‘loreover, it limits the

traffic and must be absolutely avcided &s an ocutlet for & dug out

of great cspacity. But in certsin cases, the use of the shaft is

necassary, for examrle to increase the number of sttacking stands
in importent dug outs, to permit one %o enter, or for lighting the
commanding posts or to provide entrances to machine-gun emplacements
for bombing and, for observation posts, etc...
In the last caese, the shafts will be of & small depth,
and joined to the dug—out'by gn inclined gallsery.
To provide in these shafts for a relatively easy passage
they could be fitted with one of the srrangements mentioned below.
1/- Shafts, 1,04 X 1,04; (or 1,20 X 0,80 with steps on
the small side}. The men climb by spreading the legs and placing
the feet alternatively on each step, aséisting thenmselves wi%h thelr
hands if necessary. This arrangement is to be used particularly
for the ocutlets leading to bombing-posts as the supplying of
grenades is easily done through the central part of the shaft,

either by an improvised elevator or by & chain of men (See plate 8)
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2/- Shaft of 1,04 X 1,04 or 1,50 X 1,00 with stelrs
parallel to the little sides, or winding stsircase. These arran-
gements teke more time to construct than the first, but the ascent
is easier; it is especielly convenient for outlets for mechine-gun
emplacements.

BRACING A SHAF?.

Let us suppose a projectile exploding at "a&"; the forces
that affect the well may be represented by forces that follow the
radii of @ sphere of compression produced by the explesion of the

sharge, and that affect the sides of the shaft from Pb" to "g'".

These forces may be considared as forces Earallel and norral to the

axis of the shaft.

A SR A e



The first forces tend to LiTt uwp tho fremes or to
them; they will be opposed by pls cing vertical logs between

frames et the angles cof the sheft.

the frame.

The forces that are nermal to the shaft will tend
the lining by bending, or by compression of the diffTerent Pies

the frames. This will be oppossd by using well-chosen frames,

by placing them nearer together for the first few meters of

In sddition t

[e]
ot

his

$

to the frames. {See Plate 11).

f=3)

cleats naile

g
88 OI

and

the shaft .



THE ®AIN BODY OF THE DUG-OUT.

Two cases are to be considered :-

lst.case.~ The materials must be sarried by hand for =z
long distance, (case of & fighting sector, for instance), or the

command requires the construction of the dug-out in a very short

time. In this case the dug-cut will be composed of two large paral-

lel galleries. This arrsngement has the following advantages ;-

1°/ Bagy tranport to the site of the work ; each pilece

of wood can be oarried by & single man, snd through the communics .-

tion trenches.

2°/ Repid work; Because the section is half as large

ag thaet of & Ygrand gallery” and

vy oo

ag Guplication ¢f the Lirst gale

LTI

lexry can te rapidly made because

(¢§§~5i) | - of the posalbility of working in

geveral places at & time {in me-
dium grouwnd). {Pig. 32)
3°/ A1l movement inside the dug-out and conscquently at

the outlet is very casy. The interior arrangements can be made in

one of the gaileries, leaving the other free for mcving. {Plate
12, left side). A less compaol arrangement can be managed, by
plscing the beds in tlers between lwo framss. perpendicular %o the

L € R~ . Tn : A im A ew G e e e e o o en T : o e g PO
axis of the dug-out, bubt this ig dsivimental to cagy movemeni.
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Precautiona to be taksn :

lst. - HEINFORCE THE BODY OF THE DUG-0UT IN A LOHGI"UDEHEE

. g

£ P e moan o - ot o a3
M AwEedl Gl Uppues FARL BT, JUL

gsame time T¢ The cap-sills and stenchions, and to the ground sills

and stanchions.

[

by four disgonal bracesg a,b c”u on the sides perpendiculsr to the

axls of the dug-out.

Znd.case.- The material can be easily brought o the site

s s v A Sl

of work; in this case the followine

going to examine rapidly, can bs huils;
< 4 I

1st/ BODY

m; 33 metars wids.

Ad the camp beds, digposed longitudinally, ocecupy & width

of §,65 meters, suppurns inciuded, a width of 0.68 1is lefs for
pessage for a dug-out of small capacity. In the cose of g sguad's

dug-out, the outlets are 15 msters from axis to axis (see plate 13.}

A dug-out for half a platoon can be wade either by two parasilel
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the juxtaposition of two"squad" dugwouts; this will allow us to

have three galleries, the central one coming out in the rear, and
the other twe towsrds the linss. {sce plate 15]).

2nd/ BODY OF A DUG-OUT MADE BY A GRAND GALIERY.

In thi> cese the beds can be placed either parallel to

thﬁ.\ 1‘!0“1' Qf t%e R11(7-___011+u w f

Al

X
R
[N

either case, the uprights that hold the beds help to sup-

port the cap-sills of the grand-gallery. (See plates 1 anu 2.)



3rd/ BODY OF A DUG-QUT COMPOSED OF NICHES OF THE

DIMENSIONS OF A GRAND-GALLERY OR OF A GALLERY OF 1,383 METERS.
OPENIKG ON A CENTRAL PASSAGE OF THE SIZE (F A COMMON GALLERY OR

OF A 1,633 METERS GALIERY. (See plates 16 to 19).

These dug-outs offer many advantages :-

1/ Repidity of building when the central passage
is made, ali the niches may be worked on at once.

2/ Circulation and ouﬁlet made easy by the sentral passagse.

3/ Better living conditionas.

4/ Progressive dug-oﬁt, possible of being partially occu-
pied before entirely completed.

4th. Dug~out for a platoon, 28 built in the 2nd Army by

the M.D. Battalions.

This dug-out consists of two longitudinal,6 parasllel
gallerieé placed at different levels. The lower gallery is a common
g&llery'gﬁvihg access to niches of grand gallery or "1,33 meter
gallery" |

The upper gallery is 1,33 meters wide, and can be fitted
with double decked camp-beds placed longitudinally. (Ses plate 19).
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an excavatior simulating a shell-hole, that is reached by a shaft

or & gallery connected umder'grouha with a'dﬁgmout, where the machi-
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The opening of the shaft or gallery muat be provided with

& proper conceslment. The machine-gun is set in firing position at

gallery with 2 or 4 sections of "Grand -Gallery" in which concrete

- - 'Ry

will be poured , leaving in the middle the necessary room for

H3
k

and outlets must be concealed.

Similar arrangenments can be used for autometic rifle-men,

Rifle grenades) and for sentinels. The grouping by subterranean
comnunicetions of these defensive organs, permits the organization

£ centers of resigtance., having s conaidarable dafensive canacity
I ocentverxr resigtance ing 8 conalagranl 2 eapaclty;

@
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8ince they permit, by the rational uss of sll the speclaiities of
which Infantry is now composed, a graa£ density of fire; mors-
ver they are 2ifficult to locate, and guard ell their value aven
after s violent bombardment. Plates 21 and 22 give examples of
gimilar "supporting points™ supposedly established betwesn the
observation trench and the line of resistance, and at such s dis-
t&noekfrom aach that aﬁ artillery prepsration made on cne of them,

or on both, would probably not dassiroy the positions.

The building of this subterransan "supporting peint” will
neceagltate very important work; in the second position, this work
will be facilitated most of the time by the pogsibility of moking
numerous surface attacks and using mechanical digging-machines
(compressor-plants, slestric drills, etc..) In the first position
1% will generally be more delicate, though the presence of numerous
communication trenches between the observation snd resistance trene
ches will contribute to fecilitate the construction of the under-

ground system, after the completion of which ocutlets will be esta-

blished allowing the defenders to reach their fighting-posts without




POSTS OF COMMANDING OFFICIERS.

The deep dug-outs intended for the commanding officer &nd

gstaff will differ from the others only in the interior arrangement

of the rooms; these will be principally composed of recesses coming

into a passage of common gallery size. in such e msnner a8 to insure

the independence of the different rooms. The number of these will

vary with the nature of the command; Tollowing table

dnts on this subject.

gives general

Command | Staff |Liaison |Observ|Kit-|Tele-|Elect |Order Total
ing 0f |or de- [or spe- |stion |chen |phoneric lieg number
ficey. |tached [cial ser|rooms Cent~ motorjact- of rooms
Officerivices ral room |ing &as
officers lisison
agents
Batul 1 1 - 1 o~ 1 - 1 5
lion )
Regil 1 1 A 1 1 1 - 1 8
ment
Brig~ il 1 1 1 1 1 v 1 7
ade
Divig 1 2 3 2 2 i 32 13
ion
Arnmy 1 3 5 - 2 2 1 2 16
Corps

strictly necegsary number of rooms,

Very often a Command will

require a Post reduced to the

so as to zet into it quickly,

and in order to economize labor and material. As a post of command




an
is always susceptiblc, during &n ofTensive astivn, of belug uweld vy
a larger number of officers it is necessary to make the plans
so that after tne building of the desired rooms it is posaible to
enlarge it.

Plate 23 gives a plan fora C.P.of a division; & cexrtain num-
ber of C.P. 's of & similar type were constructed during the Somme
offensive in 1916. It is built ag#insc s slopoe facing away from the
ennemy, and is composed of o certain number of nerand gallery” rooms,
lighted by the daylighé through loopholes, and provided with & "com~
mon gallexry" oiroulating passage. In case of o bombardmont of highe
caliber shells, the different gervices c&n be immediately tracsfor-

red to the dug-outs, that are reached vy a series of inclines

starting from the passage.

Pars. 6 - DROSSING STATIONS.

These stations will be very mien like the preceding struc-
tures, but they are composed of a smeller number of rooms, having
generally

1 room for the doctor,

1 room for the pasrsonnel,

1 recess for medicine,

1 room for bandages,

2 rooms to hold the wounded until they are removed

The post must elso have an arrangement for royidly and

gently carrying the wounded up ond dowa.{3ee plate 24)-



Yara. 7 - OBSERVATION PCSYS.

Tress puots may be built se follows ¢ (see plate 25)
el An Yo dm Pouie” shaft with an upnan - like a she shell- lole

"Lolaopoule” shaflt with uncovered cpening, but narrowed

cown 80 25 to allow roow for the observer’s head oniy.
grd. sn "h la Boule" shaft with opening covered by an armored

turrel or a metal cbservatory of one of the types descri-

gd further on.
4th, Bomb-proof room with a perisgope.
The choice of the arrangement will depend of the obisct of
the post. (Sentinel, artillery observation, etc..)

METAL OBSERVATION POSTS

Besides the types degcribed in the Insbructions on fieid~
works (armored shelters for sentinels, observation sentryboxes)
there are three typse of wetal observatories that can be divided in
parts the indlvidual weights of which do not exceed 70 Kgo; so that
their trangport to the front lines is possible,

they have three observation lcop-holes. (Plate 26)

ihey are placed at the top of a shaft arranged at the end
of a gallery.

lst. fype 8.v.G. (Pechnical Section of Engineers)

It is a frustrum of a cone in hard cast steel, 0,030
‘meters thickness, divided into 6 rings and a cap, fitting one into

the other. They are held together by four stays passing throush the
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cap and the bottom ring. Total weight : 380 Kgs-

3rd. Type "St-Chamond".
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I% is & frustrum ¢of a pyramlid O0i Speclal Sideey 1IVL piavies
TE et +hial divided into 4 sideg and a top-piece. The whole is
L) /Lu uitawn, Ul Vb WOW adivy = e e & Baun®

held together by four corner-pleces fagtened to the sides and the

roof by bolts of special steel. when taking it down for transporta-
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Whenever possible a ring of concrete shoula be formed

arouna the observatory.
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Yeva. g - SHELTERE ¥R SEARCHLIGHTS, AND OPTICAL POSTS.

The shelters for searchlighte vary with the type of appa~-
ratus used,
For "35 posts”, with-oxyacetylene light, a nearhy'dug~out
will be used to ghelter the bersonnel, with an open air em-

placement for the poet; for "go" photo-electrical posts" and larger,

- that have a searchlight and a gensrator wagon, the wagon will be
placed at the rear in a defiladed DPlace, or in a shell-proof dug-
out. As to the apparatus itself, a place will be made for it like
those for open-~air machine-guns, at the end of a shaft or a gallery,
depending upon the ground.

An arrangement will be made to conceal the gearchlight

between hours of duty.
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para. 9 - PROCEDURE FOR BUILUING YNDERGROUND TDUG-OUTS.

The Gonstruction of underground dug-outs requires three
distinct operations :-

lst, KXCAVALION.

»nd, DISPOSITION QF BXCAVATED EARTH.

Fadidi A <

3rd. PLAGING TH3Z TINING.

yhege operations mmst de conducted simultaneously as soon
ag the progresg of the work permits, so thatb +the time necessary to
digpose of the sarth will be practically the same a8 that required
to excavate 1t.

let. wXCAVATION.

yne means to ve employed necegsarily depend upon the na-
ture of the earth to be excavated; the tools that will give the best
regults are the followlng ¢

Qrdinary ground
pickaxes
Clay

Chalk prnewmatic "picking" hammers.
_ (marteaux-piqueurs)
sard fissured limestone

pand drills.
paneumatic drills,
Blectric arills.

Hard compact rock

Nt TN PN N Tt PN

The study of the details of these ditferent apparatus is
part of the instroction in mines and machinery; only the practical
results concernling btie cowpressor plants and the drills are given

here o=
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A. COVPRESSOR PLANTS.

there are compressor plants of powers varying from 7 H.P.
to 95 H.P. (French Horsepower).

those usually ewployed on the front are thoge of 10 H.P.,
20 H.P. and 39 H.p.

Those of 39 H.P. can compress 6000 liters of gir at atmos-

pherical pressure each minute to 7 kilograms. It congistg of

a) A gasoline motor of %9 H.P.

b) A compressor

¢) A reservoir of about 500 liters gapacity,

in which the air is coupressed.

d) A little 1.5 KW dynuamo for ventilating the dug-out and

its vicinity (on the last compressors that have been put out).
The whole outfit is loaded on a truck ; the total weilght

1s about 1500 Kes.

In a new series of apparatus the plant has been divided
in two parts, aésembled on separate carriages, and easy to put to-
gether on the‘worko This arrangement makes the moving of the appara-
tus easy. Bach of the carriages weighs about 1500 Kgs.

The piping consists of steel tubes (of uniform length =5

meters; there are two different interior diameters :- 54 m/m and

36 m/m) and rubber pipes (length, 10 and 20 meters; three interior

diameters : 40 m/m, 25 m/m and 15 n/m).
The steel tubes wmust be used in the fixed parts of the
installation, and in any case in the immediate neighbérhood of the

compressor regervolir, as the high temperature of the compressed air,
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@nd the lubricating-cil sucked in would rapidly destroy a rubler
tube.
Accessories such as little secondary reservolrs Lor cleé-
ning out the condensed water, bendsg, P-pipes, ete. allow Mumercus

combinations in installing a pipling gyabeni.

The compressor can operate : - 7 "pick-hamners" or 5 drill-
nammers, ab the rate of 800 liters for sach pilek-hammer and 1000 to
120¢ for eachldrill-hammer, (from abmoépheriaal pressure)a

The hammers will not all be in use &b the same btiwme and

_therefore thelr number can be practically brought to 10 picks or 8

drills.
The minimum pressure needced 1o operate either tool is 4

The maximum distance from the working place to the "com-

pressor™ is 1800 meters.

4he loss of pressure 1is 1 kilograw per kilomeber, appro-

Ximately.

mhe installation of:a gompressor nacessitates a concealed
shelter, or a simple shed, the dimensions of which must be, for the
new machines :-

6,00 % 3,50 %X 2,20 meters

+ is necessary to have good ventilation in the snelter,
go as to obtain a good cooling off of the motor snd gompressoY.
Gost of the groupr = 50,000 rrs.
its operating orew congists of :

o miner non-commissioned officiers.




18 miner soldiers.
3 O0r 4 mechanics.

fthat 1s, a total of 23 to 24 men,

Tthe use of thig plant will be of real advantage, and its
cutput will exceed that obvained by ordinary methods (picks, hand-

perforators) only when the following conditions exist :-

1s%. BVACUATION OF THE OEBRIS WITHOUT INTERRUPIING TER
W F AMIER .

gnd. IMPORTANT PIWCH OF WORK, justifying the use of costly

and delicate machinery which takes some time to set up.

3rd, pAXIFUE ITWKGTH OF WOBK AT 4 SAMA £0INT, to prevent

the losg of time due to the changing of siplacements. ¢hese changes
usually take guite a long time, barticulary when it is necessary
to place the compressor in g shell-proof shelter.

4th, CQARZFUL ORGATIZATION OF THY WORK, AND HEDUCTICH OF

PilE I0ST, in the setting up of the nachinery.

Sthe. GHOTPING OF SITES OF “ORE, Bo ag to avoid loss of

power and to use easily the 10 hammers.
The rgduction in length of the piping will also offer
the advantage of reducing the chances of a hit by a projectile, and
make their up-keep eagy.
| B. DLI1LS. Exaavating with the use of blasts mnecessitates
the uge of driiling tools such as

HINERS DRILLS AND ORDINARY JUNPER ORITIS.

LAND DRITLS (Guillat and other systems).




URILIING HAMMSHS.
ELBCTRIC DRITLS-

The use of electric drills demands the installation of an
electric plant, uﬁless electric current is already in use in the
places where the work is to be done.

The best electric drills for blasts require 1 H.P.

An electric plant of 6 Kw, frequently useu on the front, can ope-

rate simultaneously £ drills, (neglecting loss of power) .

2. DISPOSAL OF BXCAVATHD BARTH.

To obbain maximwa rapidity in excavation, it 1s necesgsary
t0 insure the removal of eurth without stopping the wdrk of the
diggers, 8o that the quantity removed is equal to the guantity thrown
up by the tools.

A/. In the case of digging by hand, tae removal can be
pade by using one of the processcs Guscribed in the following table.
the supposed removal is wade in a gallery with a 2/3 slope, ending
in a piece of worx that 1s 8 metres deep, and with a personnel per~
rmitting continuous evacuation.

Po this end, two men have been provided (in the three
last processes) at the upper and lower parts of the gallery, to
insure a continmal loading and unloading, the personnel of the wind-
lags also working without a stop. (This method of removal necessita-

tes at least four small trucks or aleds).



Mathodg Necensary personnel Volume removed
rer hour.

Relays with 8 men 1 m®
shovels
Sleds and mine | 6 men (2 at windlass 0 mS 300
windlasseg 8 men (4 at windlags 0 nd 800
Prucks on 0,40 | 6 men (2 at windlass 0 w3 400
meter railg 8 men (4 at windlass 0 md 800
and mine wind-
lasses
Carriers sus 8 men (4 at windlasg
pended on a rail
and mine wind-
lasges (1)

(1) see plate 27.)
B./~ whe above process will be suitable only in the gase
of mechaniecal digging. With a Plck~hammer, in mediunm ground, the

earth to be removed per piece of work may reach 4 m3 00, a Tigure

that may be surpasseu in friable ground. The evacuation of these
4 m® 00 can then be accomplished by the use of electric windlasses

that pull small trucks on a 0,40 nmeter track.

The $.T.G. now furnishes electric windlasses of 2,4 AP

(220 volts, 8 amperes).

It is necessary in case of 8teep slopes, to modify the
trucks, by adapting wooden bieces carrying a Special wooden box,
not only to prevent them from turning over vbut also to diminish
their cead weight. |

It has been attempted to insure g remwoval of all the
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output of any maching uped for digging, by creating tae_J. U. eleva-

tine apparatus. Thie elevator is a sort of & belt conveyer that is

placed in the galleries. (See plate 28) .
The belt is carrisd by a metallic frame, composed of a

heam of a 0,60 X 0,60 seetion, and 3 meters long, to vhich can be

e

added ar extension 1,50 meters long.

The bheams can ve joined together; lengths of 4,50, 7,50,

10,50 and 13,50 are s0 obtained.

1

The endlegs belh is moved Dy & wmotive drum wlacea at the
end of the elevator at the entyance sides; it is gulded at the other
erd by twoe drums of a smuller wlameler, anG is held con the veams by
rounded irouns.

the motive qumviS movad by @ & to 3 HP. motor, placed
in the lowsr part of the beam. Betwsen the drum and the motor 1is
plaéed a series of reducing shafts.

The motor receives direst curtent from an electric plant at
A0 volts. The plante used are of 12 Kw; 15 and 20 Kw according to

the nupmber of elevators to be workedo fhose of 15 Xw can operate

16 elevators
The speed given to the belt is from O, 40 to Q,80™ per

second, eurficient tvo remove all the earth excavated, yet gslow enougl

so that the jars received during the work will not prevent the ele-
vation of round stones that must be removed.
when the materials to be removed are sand or gravel, the

belt can be giver an inclination of 50 %, with glay 48 %, and with

rock 40 %-

e
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The gallery is begun by the ordinary methods, and as soon
as two shovel relays are needed to clear the gallery, the elevator
is put into place; it is put further down as the gallery advances.

F¥his apparatus has the advantage of evacuating the earth from the

ingide, while the material and personnel are sheltered.

Their use is really advantageous only when the pieces of

work are important and grouped together (for instance, to make dug-

outs for reserves.

with an electric plant of 15 Kw, 16 elevators can be used

along a front of 1000 meters. (Bach gallery corresponding to a

dug-out for a whole or a half platoon,depending upon the type
adopted. )

These devices necessitate a special personnel, and &re
generally used only by the .D. Buttaliong. Their use presents the
following advantages and disadvantages :

jdvantages.- Personnel and Material sheltered during the
work; - large output.

Disadvantages.- It is impossihle to use the galleries

during the work.- In certain ground taking a flat slope, it entails
a greater amount of excavation and of wood for lining, and subse-

quently, & greater lengtn of vulnerable gallery.



CHAPTER II

As we saw at the beginning, the gecond condition imposed for

underground dug-outs is concealment, sven during constructicn.

It is of the groewtest importance in facet, +to conceal the

dug-ocuts, not only thelr openings but also the earth coming

Prom their constructiorn. vhis will be accomplighed

1°/~;- By covering the sotrances and the plamt For r.oving

earth (hand-windlassee, electric windlusses, efc ... ) with

canouflage

20/~ By taking precautions to prevent the excavated

earth from revealing the work. 1L the gubsoil 1s the same color as

the top scil, 1t will usmally suffice to scatter it in the neibor-

hocd.

In the contraly cuse the following methods counld be used :

%)~ Pilling up shell holes, abandopeu trenches and com-

nmunication trenches.

b)- Filling up swall seos mude in the neiphiborhood of

the dug-out; & good method in the casce of a dug-out Very nesr the

eneny .

thig would allow the eurth to be removed in tlre day time

without any apparent wovement of earth.

¢)- If & track of 0,40 meters is available, 1f there is

& large number of auxiliaries. and if the defilade allows 1T, tas

sxcavated earth could be used o build, at a preat oBoUCh tlatunce,

dummy works the parapets of which could be made of The renoved

garth.
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CEAPTER III

- LIVING CONDITIONS IN UNDERGROUND DUGOUTS

To have the occupants living under she besgt possidvle gon~
ditions in an underground dugout, it is not ancugh that 1t offers
protection in case of a bombardement, and, by s Judicious interior
arrangement, & possibility of short rest, Tt must he also possible
for the ococupants to live there for a long enough time and it ig
egsential that the dug-out should bs made as waolesome as possidble,
from the point of view of humidity and that of ventilation,

A/« SANITATION. -
The sanitation of the dug-out must be ong of the
most important congideraticng of the sngineer-officer in charge
of its building. it 1s certainly wot a rare thing to gee on the
front wany flocded and abandoned dus-ovtz, that took & considerable
effort to bulld, and that are more ofsvun invated by rain water than
surface water.

One has to fight against infiltrating water very much on
the two shores of the WMREUSE, especially on the right bank, vhere
the dug~ouﬁs areg built in & fissured limestone. In these regions,
where the soil 1s wmuch furned cver, the rain water gathers in the
shell-helss, and.throngh the figosures in the limestone penetrates

11%%le by Jittle to the body of the dug-out, that is before long

o

o regular cistern.
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In this terrain, it is best to uge blasts with great

precaution as they increase the fissures and the sespage.
Hain water hay be fought by the following processes !
'Iﬁ/- ®etablishment on the surface previously marked off,

of a slightly inclined cover of tar-paper, or light gurrugated

gheet-iron.

(This process, very vulnerable, does not completely prevent rain
water in deep dug-outs).

2°/- Making of two gaw-cuts on such vertical side of the
cap-sills, with & slope of about 1/1y, depending on the length of
the cap-sill, of 1 cm in depth and slightly inclined upwards.
( Plate 29 ).

into thesc culs aiv wedged light shsete of currugated
iron, fastened with wire. A longitudinal gutter "G" ocutches the
water and turns it towardé a sump placed at the end of one of the
galleries The sump is covered by a wooden ,rating, and emptied by a
puamp .

3°/- Another process consists in establishing a gutter

parallel to the cap-gill, and fustened to it by clasps of gheet-

iron.

The ircn-sheets, sloped, like the 1/10 gutter in a trans-
verse direction, rest on their edges and turn the water into a
longitudinal gutter. (Removal of the water as in the 2nd example).
( plate 29 ).

40/~ An arched form can also bte given to,the sheets, to

tura off the water into two longitudinal drains. ( Plate 29 )
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5°/- Let us mention another method that has not yet been
proved by experience, but that seems susceptible of rending service
from the point of view both of sanitation or of reinforcement of
the.dug-out in the case where the presence of a water bearing stra-
tww does not permit of obtaining the necessary cover against large
oalibér shells.

ithe dug-out will first be built as a grand gallery with
a common gallery parallsl to it. after replacing the two adjacent
stanchicns. the cap-sills remaining held by two cross-pieceg "L",
a8 sgheet iron arch will be placed in the body of the dug-out, prop-
ped under the center ana the spaces between the gheet iron and the
walls filled in with congrete as the work goes on. |

the seep waterg will be gonducted by transversal drains
"r* znd "r’" towards a longitudiné] drain."R"rinclining towards a

suxp placed at the end of one of the entrances (Fig 10)

B/ - YSNOILATICH.

vhe airing of a dug-out vill be uusured, either by an

" 4 la Houle " shaft opening in the wall of the body of the dug out,

or more rapidly by the use of ventilating chipneys made with the

‘use of " guillat " hand-zugers. This auger both simple and rapid in

use, can upake vertical holes of 10 to 12 meters in length and 15 cums
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in diameter in 6 to 8 hours time in mediuwm grouud. (1)
When the importance of the organization, ths number and

capacity of the dug-osuts justify it, ventilation and eleetric iigh-

Ling can be realized at the same time.

In one of the recesses of the dug-out 2 3 ¥w. D.Q,

Electric Plant and a 110 volt elsotrioc ventilator will be placed

gide by side. (The ventilator could eventually be worked by hand),
The exhaust from the engine could be removed a sheeth-

iron pipe leading to the outside through & shaft.

LIGHTING.

Twe insulated power-supply cables will be used for trans-
mitting the current to the points of ueing; from these cables
branches will lead to 16 candle-power lamps (metal filaments prefe-

rably).

Le pluwesd at convenient roints 1in the dug-

b

Tre Janoes wil
oubs, generally on the bottom o7 cuch entrance, and one for each
recess. (See plate 19 giving an ex cample of an arrangsegent used in
the Verdun region. )

VPTITATION.

the ventilation will be had trough a vertical duct
directly over the ventiluting Tan; the air will be driven out

through a 0,18 meter piping, suspended to the ceilings of the pag-

,...._.._—m—n--.u.~..v..a...__-w...—.—..._‘w...wm——....m-um.m...,N.mu.».\«......,m.,,“.\..«-m_—,.. e - vy

”Tnearing Ystablichment has tuhos of 0,15 meters
malnuulh$ng the shagpe of these holeg. )
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CHAPTcR IV

Protection againet gases is met by different processes :

22/- Drums closed by two curtains suspended from Trames placed ab

the entrance galleries 2 meters apart (See plate 30.)

I v m Yo maaAd A s e vvsam At a1 X o en LY S ey e e
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machine containing an appropriate solution, the gases that can pe-
netrate in this space, whenever the exterior curtain is 1ifted to
allow some one to pass.
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allow the curtain, stretched by a metal brace, to fit very exactly

against these uprights.

The interval between the Traries and the wood-works of the

g wall nP ndao
A LA Npe o L LW ™ Y

These two methods are rough ones;

they are certainly in-

sufficient against the prolonged action of guases.

36/« Previous system completed by a filtering gallerv.
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interior volume of alr necessury to assure the lire of the perscmnel

in the dug-out will be insufficient, and it will be necessary to

have an arrangement allowing the removal of the vitiated air. Yo

Lo
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that effect, the absorbing power that vegetable earth has for no-
xious gases will be used, by creating in a gallery specially built
for that purpose, an earth filter through which the alr will be

drawn. Ordinsry earth can hold about its own volume of c¢hlorine gas;

that ig one cubic meter of this earth can ho 1& under & wave of at-

tucks, given the usual concentration of sueh waves, at lsast one

: . . - : . 3
thougand cubic nebters of breathable alr, at 2 meximum speed of 1 m

by winute. The sarth being arrauged in a 50 cme. layers, that is
2 sguare meters of surface per cublc meter put in place, this output
will be obtained under a 1iffersnce of pressure of 2 %o 3 centime-

ters of water.

The Presh air drawan in by the ventilator will expand in

the rooms and creabte an gvar-preggure thaet wilil favor fbe exyulaion
of the gan =t the curtained entrances.
Again, the guantity of air necessary per minute is

Tor an Infantry section = 1 mze

-

4dditional for each opening = 1/2 md

For ingtance, a dug-out for 1/2 platoon having only one outlet will
be sufficlently ventilated with 1 o per minute; 1if there are two
openings, 1.9 nxs will be nesded.

If it is a question of 8 C.P.or a dresging station,

the calculations will be wade on the volume of the dug-out, scount

ing 1 m® of air per 100 md, plus 1/2 m® per opening,

The thickuness of vegetable earth nust be about ¢,50
meters, and with a sufficient densiuvy obtained by twuuping, there

will be counted, for the normal capaclity of the filter in one
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minute, 1/3 m9 of air per sguare peter of gurface.

The surface of the filter for a dug-out of half a Platoon
with one opening will thus be 3 m?; for a C.P. of 100 m® with ope-
nings, 4 to 5 m<.

The filtering gallery can be made in prolongation of the
dug-out. It can also be placed parallel to the body of the dug-out,
separated from it by a thickness of rresh earth of at least 3 meters,
and opening into one of the entrance galleries. (Plates 31 and 32)

This last disposition scems the most advantageous as it
is independent of the body of the dug-out and allows an easy upkeep
‘and watching of the filter.

In both cases, there 1is need of obtaining, in building the
filter and placing the ventilator (1), a complete closing of the
Joints with vegetable earth, so that the ventilator cannot draw in
unfiltered gasthrough the figpsureaq.

A dozen realistic trials of this system have been made,
either at Satory or in the Army zoue; and have given satisfaction :
under toxic atmospheres much more concentrated than the attacking
waves, the air of the dug-outs has remained pure for 7 consecutive
hourg, notwithstanding the more or lesgs numerous exits and entran-
ceg; occupants were able to remain without using masks and without
being disturbed. NWevertheless, this method of protection against gas

sannot be actually considered as completely proved, by experience.
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(1).- Plate 33 gives an example of a wooden ventilator constructed
for the division or army corp C.P.’s.)
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SECOND PART.

SURFACE SHELTERS.

CHAPTER I.

SHEL/PERS FOR PERSONNEL, MACHIWR GUNS,

Surface shelters for field woris proof against high-power
210 projectiles (1) can be built .

1o/~ Entirely in masonry, (an exceptional method hecause

of the great protective thickness needed), or entirely in specisl

conerete, or entirely in reinforeed concrete.

2°/- If the body of the ghelter is in masonry and already

exiegting, by makirg reinforcements that will include a matress of

gand end broken rockg and a burster ( Reinforcing of a

cellar for instance).

S AR S S M M i e ma e s v v s rm e S S T i e A Sw S50 W Bee Mk G e T e e Ton e ST M D e B fur O e e o e e s e e me o ey oo oo e o o S

(1).- In case it should be necessary to obtain proteciion against
higher calibers than 210, and wheun it is not Feured to make
& strong "relief” on the surface of the natural ground, the
tyoe of "iyterior revetment" will be uweed, with a ved of

sand and bursters as recommended by the "Note of

August 2%rd 1916, Prom the G.Q.¢. following the report of
It~Colonel BENOIT, on the effects of the bombardment of the
fortifications of VERDUN.
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Thig last mode of coanstruction is to be recommended if

there are materials for masonry (coming from : gquarries, ruined

SR S 4 o
I 8! te of work. Then

houses or villages) on hand, not far

erials necessary for the
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- have to provi
provi

' the
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bursters and mortar for the masonry.

the shelters proper will be composed either of large capa-

by of r ses openin &

m 9]
U Odia 1 2

()

er of a serie , on

B o)

The interior lining will either be made by gtrong sheet

iron archesg or by mine gallery frames.

1o/~ 70 diminish the height above the ground level,and to
give greater protection, the dug-outs will be sunk ag deeply as
possible into the ground, without going below a depth of 3 meters,

as that would necessitate congideradble excavation,
20/~ The exterior form of the parts exposed to dire

t be rounded off and flattened to in-

£

5%/- The upper covering of concrete roofs must receive

only a thin layer of earth or sods, to avoid tamping.

. .
4°/- Whenever poesi

o
ot
{

and the main body of the shelter, so as to diminish

the amount of static strain that the last will have to support.
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of the concerete and the masonry. This lining will make the interior
fTittings easy to build; it wilil help to make the construction stron-
ger, as thers may be imperfections therein because of ths difficul-
ties that will be often met in constructing these worke at ths front.
Gé/w In arrangewents conelsting of slabg resting on abut-
ments, make a very good joint so us te prevent what happened at

VERDUN, that is, sliding with reference to ore anciher.

2. ~ SEELTZERS POR PERSONNEL.

ie/- ghelter with a sheet iron wroh Lody. -

Protection way be cbtained, as ghown on jlate 34, elther
by a special concrete shell 1,50 mebers thick (with an apron), or
by & slab of reinforced conecrete 1 meter thick resting on broken

tones; or by an interior lining in masonry 1 meter thick {or of

w

B}

t
LS|

spacial concrete 0,580) covered with a 1 meter mattress of broken rock
and a 0,75 meter burster of reinforced concretbe,
the beds are placed gide by side perpendicular to the

axls of the ghelter; the outlets are of common gallery dimensions.

2o/~ gody of a ghelter of grand galiery dimesnsions. (see plate 35)

Protection may be obtained either by a lining of 0,50 me-
ters of upecial concrete covered with a 1 meter matiress of broken
rock and a 0,75 meter burster of reinforesd goncrete, or by
a special concrete shell 1,50 meters thick (with apron), or by a

reinforced concrete shell 1,00 meter thick (with apron), or by rein-

forced concrete slab 1 meter thick supported by abutements of 1,25
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meters, made of masonry, and held together tightly by cross-bars,
yhe beds are placed parallel to the body of the shelter
in the middle of which a 0,70 meter passage ig left; the outlets
are of common gallery dimensions.

30/- Body of a shelter composed by recesses opening ou a central

or lateral passage.-

The recesses can be made with sheet iron arches (Plate
36) nolding 8 men, or be built like grand galleries (plate 37)
holding 6 men.

In both cases, the protection of the shelter may be ob~
tained by one of the methods indicatéd in.thé two preceding cases.

The passage is built ag a common gallery or a 1,33 meter

gallery. the outlets are built of a common gallery size ...

3 - POSTS OF COMMANU ~
DRESSING STATIONS.-

These are constructed after the game principles as the
shelters for personnel (type with recesses and central hall) and
only differ as to the interior arrangements. (See theunderground
dugout, C.P’s and dressing stations, pages 22-31)

They will be generally built into a slope facing away
from the ennemy, the different rooms recelving daylight thrOugh 1o0p- i

holes made in the wall.



machine-guns.
1o/~ SHELTERS BUILT OF RAIILS AND SPECIAL CONCRETE. - (Plate 38} .

rated by a 0,50 meter layer of
with a 0,10 meter thickness of concrete, so as to form a siab 0,90

meters thick. ihe abutements are 1 meter thick. rhig shelter is

s B I O - ﬂr\«n’\\-\n‘.‘ n WY s o oA av DT alhall
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2o/~ SHELTER OF " Casemate de Bourges " 4¥Pg. (Plate 3 )

the parts exposed to direct hits, that is, the roof and

T +h o
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personnel. the front wall is 1,50 meters thick and the roof 1,75

7

meters; the relief 1is about 2,80 metersg; it is a type only

to be undervaken when tae emplacement is hidden from the emmemy’s

1oy [= N Va) [al
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but the finished shelter is proof againgt high-power 210°s and

305’8 and there ig need of reserving it for machine-gun positions

,n ~ “

B . 2. A FEEY o . . s . ! gt o . f o 4y 4 ey o b -
naving a iundagentvay ceiensive Toile (GCOovering & [oint itnat must Dde

anaral anfi
aneral entli

ading nogitio
acing pesitlo

Hn
m
"3
49}

te )

-
3

&g LI

5°/- the two types that have been degcribed have the inconvenlences

of being a large size and showing a high relief rthe relief is a

condition that cannot be entirely avoided, as 1t is necessary to
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nave the axis of the ermbrasure at least 0,80 meterg above the natu-

ral surface of the ground, and subseguently the lower part of the

slab will be at least 0,70 meters above the level. por reinforced

concrete sghelter proof againsgt high power zluy ghells, the minimum

relief is neceagarily 1,70 meters.

yhis is the thickness of the casemate shown on plate 40.
pesides thig, the interior dimensions of this casemate have been
considerably diminished by an arrangement of the front wall for hold-

ing the front part of the tripod, and by a reduction of the posi-~
tions of the marksman and the loader. {(1).

The personnel is proteoted in normal times in an undexground j
dug-out joined to the casaﬁate by an entrance protected for several |
yards by a block of concreta. |

whatever type is adopted, it ip egsential to build all

these cagemateg only at points where they cannct be observed (coun-~

ter-slope line, wooded region, 2nd positions, ets...) and it is

necessary to disguise them carefully (camouflage).

| Otherwise, in spite of all the care used in their construc-
tion, they would be liable, because of their relief, to a certain
destruction; if the emnemy wishes to pay the price, because the repe-
tition of hits will bring aboul & disintegration of the concrete.
 furthermore if the shelter itself is spared, the earth thrown up in
frout of the loop-hole will make the machine gun’s acvlon impossible.
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(1).- whe front dimensions of the casemate could be reduced still
further by using the autowatic loading arrangement degeribed
further on. ' .
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°/ o AT ON WY CASKLATE., -

1% has been attempted to dixinich the relief, and gonsge-

auently the visibility, by using metal roofs.

the type shown on platu 41, which has already been used
(2nd Army) is composed of semi-hard steel cap fitted into a rein-
foreed concrete block. yhe thickness of the cap varies from 1i0 m/m

et trhe loop-hole 10 80 o/m at the rear.

he nschine~-gun ig placed on a gpecial support that can
turm around a4 vertical yivot placed in ites forward pary; in>this man-
ner the machine-gung pivots around its mizzle, takxing up less room
and neezding a craller loop-hole. A special arrangement forms a sort
of a ”depr6531on» arriags" allowing the gwachine-gun to bve brought
back and allow the loop-hole to be cloped.- whe horizontal field of
fire is 90° in a cusemate with 1 loop-hole, 150° in one'with two
loop-~holes.
x t@ase cagemates is very easy the visi-

vility 1s practically nothing.

A ELB?Aﬁbﬁq;w
YThe viglibility of machine-zuns car «lso be diminished by

reducing the gize of their loop-holes to minicum (for & wall 1

s

meter thick and a field of firs of ©0°, the glize of the cpening at
the extericr pust be 1 X 0,80 meters). 7This result can pe obtained
by a recess in the wall where the muchine-gun will be placed, and by -
Pixing it on u epecial carrisge that can be moved about or a ei*—

cular track "G". rhe zutomatic loading is effected by a drum that is

p ert of the carriege, znd vhose place is perpendicular to tne me
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chine-gun in all its positions. wach drum can hold 500 cartridges.
(see plate 42).
An opening in the concrete wall is made to have room fbr
the drum when the machine-gun ig in its extreme position;
This method has the inebnvenience‘of diminighing the pro-
teetion of the mochine-zun and its crew. 'Po counteract this a method

hag been tried in the 2ud Army that allows the machine-gun placed

a3

™

inside the shelter to pivot around an imaglinary point placed on the
outer covering of the wall.
Thig arrangemwsent is comgzosed of : ~ 2 circular rails, the
center “0” ig a 1ittle in front of the outer wall of the
casemate (Pig. 11)
On the track is a gpecial carriage
carrying the machine-gun A B{

By moving the carriage on the tracks

~?.5 ‘the arm acts as if 1t was
’ prolonged to the poinu 0 around
(Fig. 1) which the Picticious wuzzle pivots.

In this way & minimum opening
is obtained, in a horizontal direction,
A minigum in a vertical direction is obtained by a
speoial congtruction of the carriage.
the machine-gun is fastened to the carriage by means of
an articulated parallelogram, that allows the armm to be lowered or

raised}as degired, by making 1ts prolonged extrenlty pivot almest



around the same point "Q", (rig.12)

ik , In this mamer the outher opening
"wM;Q\
A RN of the loop~hole can be reduced to g
e m s Ty

few centimeters in height.

Rollers whe carriage which can be taken

o

ﬁﬁ;krfhwk (ﬁ%@i@} gpart 1s built of iron rods nounted
e /

on rollers that run in the tracks.

Phe upper part of thig comstruction forms the side A B of
“noartieulated parallelogrem A B G D on which the arm is placed
through an intermediary plate » &, movable around a horizontal axls
=t D ond regting on the bprolongaticn ¢ B of the side a G, that ter-
winotes in & roller,

In the apparatus the side A B is immovable, the lengths
A B and g D are congteant.

When the paralielogram is deformed {a B C’U’) the plate
D E still rests on the Prolonga-
tion of A ¢ that hag eamé A OB,
The line 8’3’ cute A B in a point

0’ which coincides with a point O

( fig. 13 ),

In fact, we have by the similar triangles :
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Ventilation of the casenalen.-

phe combustion of the powder in the carvidges gives a

great quantity or oxide or carbon That spreads ia tne shelter and

rified.

1

may rapidly poisorn the pergonnel : tae faet has been v

o

@D

and so it is necessary to sgecurs o good ventilation of these sh

. ters-

5o~ DBOARVATION STATICHS.

oy

e ohgervation swations ore or a type slmilar %o na-
chine-gun shelters, dut 23 maall as possible 10 Gimirlsh their visi-

bility.

Onservaloriss for aoumanding officers and artillery mhst

Lo

these two should be seporoted so0

fregquently be tuilt on the i
that 1in time of babtle the s2rvicss will neot interfere with each
other
The observatery can then ve bullt as lﬁul@%t :d on plate 43 aﬁ&
consigt of two small obssrvatories in reinforaced conerete Jjoined un~
darground by- a uutig out and contdiﬁjng besgide two telsphone
ﬂbatiohﬁ (7 for wrtillery 1 Tor dnfantry) the lodgings of the per-
gonnel (téisphc&fstfi observers) that of the Artillery Officer and
trnat of the Shal?d or Iafanbry JVTlcer.

Tre deballs of Uhe shosrvatory progsr srs given on plate
4% that shows 1t with «itosr ohatt or trench sntrances.

It holde bwe or three mersons. but the interiocr Jimen

aions can be reduget i wsoirsd
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Q
$)]
o
Q0
O
=
"
D
@
o
1..4.
o
b
[42]
w
453

fror special concrete only by the metal bars embedded in the mags.
The resistance of concrete depends entirely on the
propcrthi , the choice of pateriuls wnd the care of placing it
1~ PROPORWIOUA.
Yhe following proportions will be uss
O i & N s TV ol A ek LV R R -

14y iA=L T

This proportion will give 1 m° of concrete rut into place.

T instead of gravel, broken stons and slag are used, the volume of
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In reinforced concrete the welght of the peta

, 3 - Y oa - . '
80 Kge per m~., this weight corresponds to the naximum strength.

~ GHOICH OF WATHERIALS.

AW

el

¥

A/~ SAND. -
4

es b
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The sand mush come from very herd rocks, g far as poscl-

ble silicioug; its grains way be rough or smooth; it must Le cow- o

pletely free Trom clay and all foreign matters; it must grate in the

hand; it must be washed with great care; the largest size of the

crairs must not surpass 1 centimetber. S |

yhe sand must therefore be sifted with & gleve of one

centimeter sguare mesh, but too fine & sand (lsas than 2 :11-

limsters) must not be used, whe sand may be advantageously used as
it comes (fine and large grains) sifted as stated above.
B/~ GRAVEL. -

Gravel or a mixture of pebbles cOming'fTOm hard rocks or

very hard materialg only must be used. whe rocks or eterials must

be also very dense (granite, porphyries, flint, siliclous rocks,
slag from smelting furnaces, ete. ) exnluding soft limestone, porous

gandgtone, ete.. vhe gravel may have the form of ghingle, broiken

stone or very hard slas. It is not necesgsary that the size of the

elements be the same; .vu Gaﬁ_vafy from 2 Lo 7 centiwaters, but o wizx-

ture containing a strong progorticn of clerents of the largest size

s

ghonld be rreferred.

vhe pebbles going nrough 2 gleve with 7 centlaster spoces

between wires can be used. vhey nust be freed from all foreign mat-

ters - dirt, sandstone, &to

¢/ CEMENY.

por works 1n cpecta. reinforced conerete glow settinug .

artificial portland geoment of 2 very good guality must be used, it

pust not have been injured by exposure to the air, and must not
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Lups taal huve huraened already.

For worke of limited duration pPuzzolana (Sleg) cements may

be used, but they have the disadvantage of gometimes attacking the
metal ard of losing strength in time when they are assed in open
dry cir.

The resisbance of mortars and concrete of Blag cement is

about 3/4 of that of mortars ant concerebes of ordinaxry Portland ce-

0T the ofme proporsio

oy
&b
[}

nause . of the

g strong as slow set-

ting cements.

Among slow geiting cements answsering to the above gondi-

tiong, firely ground cerents that haordsn very rapldly are cliogen,
4 o £ 2

p W e v e e Sy By 1 T L T LT - : -
aa thelr worlarg Liteeg dngy after the piwing 2 far greater

strength than the moerturs of ordinary cements zfher seven days.
Lagtl yA obtzaln a rapid hardening with slow setting ordi-

nary Portland cement, chepmical products such as chloride of cal-

ciumm (100 &r. wver litre of wiaing water} can be put in the water

uged 1n matinge the concrete. whis process hag not been sanctioned

by practice.

13

u/ - STEEL. -

e bars Tor the reinforced conerete of defensive works

ueuwally conglete of round bars in extra soft steel the diameter of

whaich vary vetween 19 ond 20 pdilliweters: if round bars are not avai-~

lable, gguare or kalf [lut stzel barg can be uged; the concrete cz

be reinforced even by uslng rails as indisated ‘hereafter. ILastly,
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semi-hard steel bars ocan be used on the condition that this steel

is not brittle and that 1t can support the sirain of bending while
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$ - PLACING THE BARS IN «SINFCRCIU CONCRETH.

blcoel of reinforced conerete ags wall
igexe of 21nTorgea gonerete, asg well

The thicknegsseg o
ne 5 ;

Vil A GRILG T e

]

ag the number of bars, have been experimentdl y determined to insure
B

the resistance of dyunuwic efforts produced by projectiles; the to-

Fa | cxamt i AP st anl e D Sy Py P Pl [ DUSgre R N P At o nan o] mm ey e
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will provide an excess of strength against static forces, in the

wsual conditions of construction of goncrete shelters.

1t 1s best to subdivide the steel and to distribute it thor-
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4o that elfect, 1t ig bebter to use a large numbexr of

3

spall rods than & swsll nu_ber of larce ones.
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cublc meter O concreil; tiaig oontition will be achievad by incors
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give srillages will be separated vertically by 0,158 meters, each

grllia ¢ will consiet of 10 w/m burs laid in squares of 10 centi-

meber sides. If 1u mym bars are ladking frame works made of larger

HEYa be usced: the dimanadmarn AP 4. . ; o .
WigGu g wiiv WQRRISLEIO0N O1L Lie gludreg unld Ttne
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Lpace vetween grilis is then citarged sc as to obtain a welight of
80 Kgs. of metal per cubis gpeter of concrete; but the registance
of the block is then less for a same welsht of wetal than it ghould
be 1f built with 10 m/m bars 1lald as has been dc;eribed;
Lastly, the reinforced concrete slabs or arches can be

creatly reinforced, by sinking in them beds ef rails or metal beams.

The ruils pust not touch each other, they must bhe cpaced 80 as to

leave u,10 meters width between each dther into which the concrete
will ﬁenetrate, a unicn is thus obtained between the two layers of
conerete thaﬁ are cn either side of the bed of rails. when the rails
and beams are placed side by side, continuous planes of weaknesgs
are created, where gliding and cruciking may be expected. |
the beds.of concrete are alsc reinforced with 1o m/m bars
made into grillages so that, except as regaris rails, the density of
the metal remains equal to 80 kilograms per cubic meter of conorete,
It several lavsre of raile are mate, adjacent layers are

separated vartically by s multiiple of ¢,15 meters and are laid per-

pendiculiarxly Lo each other.

the pgrills are placed horizontally, ¢rsen in the arched

coveryg.

B/~ Arranoement of metal frazme for covering very steep galleries,
(rlate a5)

ithe percentage of metal, the sections of frame work, the
size of the squares, etc.. uescribud wpove are ziopted, but the
grills cannot be placed in a horizontal plane, bLecausge they would bve

in an unfavourable direction for registance,



Bl
As it is impossible to pour the conerete down the very
eteep slope of the gallery, the grills.oannot be placed parallel to
the longitudinal axis of the gallery, so they are given a 1/4 slope,
anc thislsame slope is given to the tamped surface of each layer

of cecncerete.

JBD CONCREYE WALLS.-

BET 02 i
(rlate 45)

.G/~ ARBANGE

walls of reinforced concrete exposed to artillery fire
whether protected or not by & thick mound of earth and piles -of

rocks, must have the following metal-work :

le/- In each surfacing of the wall place a vertical grill

with sqguares of 0,15 meter gidesg and built of horigzontal and verti-

cal bars of 1 cm. in diameter.

2¢/- on the exterior surface only, place two vertical

gheets, parallel to, the surfacing, and formed of rods 2 centimeters

in diameter spaced 0,30 meters apart in each sheet, these sheets are

recpectively 0,15 meters and 0,30 meterg from the exterior surface;

the bars of the two sheets are staggered.

All these 2 cm. bars are prolonged at their upper part so

as o penetrate as far as possible in the arch or in the slab car-
ried by the wall. .
3¢/~ fhroughout the entire height of tﬁe wall, place hori-

gzontal grills with sguares with 0,15 meter sides gpaced vertically

by 0,15 meters, and formed of bars 1 cm. in diameter.

It is well to remember that if the wall 1s not protected,

the frame-works will haraly rurnish the resisiance against several




isolated hitg,
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EXEJUTION OF #ounkK

rara. 1 - FORUS FCR _COJICREMES.

19/~ As we have already ssern, the forms for shelters of

personnel will usually be made of shest-lron crghes or wocden frames

The sheet-iren arches will be reinforged by a vertical
strut_ upholding the Xkey, the horizorntal reinforcement will be com-
pleted by a cross-plece T vlaced between the two ground sills, whose

geparation it ussures. (¥ig. 14)

(Fig. 14)

cleat

AW

in a cage ol a well derined direction or dangerous hits,
the body of the dug-out will be g£till nore reinforced by an obligue
prop, placed as indicaved oy plate 4 (two weters apart o as not
to disturb the bed-arrangement).

In the linings of galleries, dug-outs or passage ways, the

frames will be placed_0,50 meters upart center to center,

e
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The frames of graad gulleries will be reinforced and cross
braced svery twé meters by an arrangewent similar tc that in plate
3D,

20/~ fhe forms way be wovable, for exam,lé irn the cons-

[

truction of observatories, caserates for machine-guns, ete..
Iu this case they will be formed by bolsters res tlrg on
beams, supported by props. The bolsters will be built of planks

they will be_laid close together to prevent morter from running

through but must allow the dripping of water driven out of the con-

crete during the tamping and setting,

3 F

fThe digta apart of beams will be determined

gy

by the
thickness of weod uged for the beolsters; the number and placing of

cleats will depend on the dimengions of the beams. The wood-work of

the forms must be given a great sirength and a gufficient rigi Ldity,

£o that se¢ltling or deformation recu not e feared, caussd by moving
of the materials over them, oy an energetic teamping of the wmortar,
or by the load lwposed by the mass of concrete.

o faclilitate the removal of the forms and re-utilization

the

)

of the timber, it is best to rubl black soap on the suriaces o
‘bolgters in contact with, the colcreie, and the prope will be plaged
on wedge blocks.

Lastly care will be tuken when building the forms to make

marks at the slevaticn where the metal grills are to be placed,

rars. 2 - t\JI’“QLTGH QF_TH'Y FATERIALS.

a/~ Preparing concrete on the mixing-board.

the mortar is first prepared, and then it is mixed with
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the aggregate to make the conerete, por making wmortar, a dry mixture
is first made of sand and cement, so that 2 well mixed mass is ob-
tained then little by little the proper gquantity of pure water ig
adde& 80 as to obtain after mixture a mgrtai' cf préper congistency,
The quantity of water depends on the temperature and the dryness of
the sand; The mixing is first begun with a weight of water equal to
28% of the welght of the cement. 4hen water is added till the proper .
consistency is reached; the wass has a good consigtency when a piece
of mortar taken and squeezed in the hand ie easily given a form of &
ball., and oozes water slightly, and when a ball of mortar of 3 or 4
centimeters in diameter, falling on a floor, takes a convex and
uneracked form.

It 18 best to have available at least 150 litres of water
per ’cubie meter of concrete to be madGe ; this provision does not
comprige- ﬁhe water necessary for washing the aggregate, or for damp-

ing the surfaces of the forms, stc.

Yhe mixing of the mortar is made with hoes and shovels on
a mixing board made of heavy planks, on small jobs otherwise mixers
are used.

Por preparing the concrete, the gravel is mixed with the
wortar prepared as above; the gravel 1is wet, but completely drained
off before being mixed with the mortar. The mixture is made on a
wixing board, with shovels and hoes ToT emall jobs; and only 1/3
cubic meter is mixed at one time. For Iimportant work mixers are used.

b/~ Preparing the metal work.-

All the bars have on their end a hook the opening of which




is equal to four or five “times the diameter of the bar. when a bar

is too short to go from one side to the ether of the frame-work,
the length ie completed by two pieces placed in extension of one
another, Turnished with hooks a%t each end and over lapping a dis-

tance equal to thirty times the diameter of the bar.

the heoks on the bars ars made while cold: labor is so
F

economized and the mstal is tested, 0 do this & bench and levers

are used; a lever 2 m.10 long, used by two men, allows the cold
oending or steel bars Lo mym thick, with a clawed crow-bar 0,75 long,
bars of 10 nyms can be easily bent. (Plate 44.)

fhne metal rods should be cleaned with a wire-~brush, as far
as possivle of rust‘and moxrtar, it is nescessary for them Lo be clean;
adherent rust presents no objeetion. The rods are cut according to

the lengths shown on the plans (hooks ineluded}; To simplify sutting,

atandard lengths that vary by 10 centimeters are adopted.
when the rods are bent, they are piled up on the ground'
each length in a distinct pile; in this way errors and loss of time

are avoided.

Para. § - PLACING OF THK CONCHEYE AND OF THE NETAL.

the placing of the concrete is done in the same way for

special or reinforced concrete.

when wire netting or expanded metal is available a conti-

nvous sheet of i1t is placed on the forms, this netting prevents

small particles of concrete from flying away under the action of

projectiles.,
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Atove taig netting the first grill 1s placed, and they are
bound together by numerous wire fastenings.
when the grills that must be used in the concrete have a
small surface, they can be built beforehand on the ground, by fas-~
tening the bars together with wire, and then placing them as one piece

when the concrete is at the proper level for their use.

If on the contrary the frames are tco large fer transpor-
tation, they are built up om the concrete that has been Plutben:.
off at the proper level.

To place the bars at the proper width and to hold them

there during the placing of the concrete, notched battons may te

used.

the bars that follow the edges of the frame are shoved
through the hooks of the bars that end at those edges.

In the distribution of bars verticuily care is taken to
place the upper frame flush with the upper lining that serves asg

coping and it will prevent its ¢racking. In case of an arch cn'e

of the frames must be tangent to the crown,

When the first frame isinplace the pouring of the concrete .
1a begun.

1T the mixture settlos during itg transportation to the

work, 1t wmust be given a nsw mixing belfore pouring it in the forms. o

This pouring is made by 0,15 % lavers, that is a thickness

gqual to the vertical distance telween succesgive srills.

C

The upper puart of the last layer put in pluce, that will

consequently form the extrados of Lhe arch or of the slab,bcan be




made richer in cement and of fine pravel (600 XgS. of cement per m3

¢

of gravel), sc ae to.make a surfuce (levelled with a2 flat tamp and
sroothed with a trowel) that assures the water tightness of the
cover. The tamping of the concrete .s made with 15 kilogram ram-
mers (1) or compressed air tamps (pillettes); it must be done
energetically and carried Tar enough %0 make a sheet of mortar flow
to the surface, in which the metzal bars will be placed. The adher-

encee between th ars and the concrete will thus be assured, Concrete

formed by broken rocks will need & longer tamping than that made

with gravel. The excess of water in the concrete diminishes the

strength, lengthens the time of setting and makes the tamping diffi-~

cult because the concrete glides from unier the rapmer; begldes this,

the dripping out of the excess wuter produces vacuums in the interior

cf the mass.

On the ccntrary, toc dry a concrete hardens too rapialy,

is lese bound to the succeeding layers and prouauces a porcus and

Un-Homogenecus mass.

The waiing of & block of concrete must be as much &g pos-

gible without inbterruption, so as to avoid Joints; beside this, cach

layer of convrete nust pe covered will o aew layer bedore the prece-

ting ons has set, that is_apoul three hours.

I the bluek ¢f conerete cover cacusies too large a gur-
iace to allow an uninterrupted pouring it ig divided into parts

{1).- 1n reesnbraus ang
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that are separated by vertical joints. Their surfaces are made
with pro;éotions 80 as to assure the Joining of the adjacent blocks,
for example with half round strips Tastened to the forms that form

~the joimt. (®ig. 15).

Concrete

-
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Semz mrcufar poles /'? Casing

of the conerete that hasg zlready set wust be clsaned of all loose

pleces, thoroughly washed and coated with pure cement; the layer pust

e given a very intense tamping.
Any concrete that has begun to harden on the mixing bosard

must bhe thrown asids,

the sonorste aust be kept damp until 1t has sbtarted to set.

Avold leaving 1t under the direct action of the sun’s rays; it wmust

alsgo be protected from freezing by a covering of straw, of tarpau-
ling,of sacks, etc ...
The placing of concrete may be wade in s moderately cold

weather. (Temperature near 9 degreey gentigrade).

Para. 4.- REZOVAL OF tHE FOKRUS

The rorus must not be rewmoved oo g0on, as the strength of
the concrete duriag the first weeks is a very small fragtion of its

final resistance.
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ihe strength in compression at the end of 28 days is only

44/100~ of its strength at the end of a year.

Neverthelesé, bscause of the great relative thickness of
the arches or the slabs, that is greatly suﬁerior te that that would
be necessary tc Support the static rorces, the removal of ﬁhe forms

can be mace, even in tne case of special concrete,ten davs after the

voncreve is put in place, if dynamic effects are not immeaiately o

oe feared. it can be done iu an even shorter pericd, if the bloek

of conecrete convains one or two layers c¢f raits,
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THIRD PART.

SEEITERS OF mEDIUL PROVECTICH.

_We have seen that in field works, although generally
neoeséafy t0 seek protection agaihst‘zlu’s, there are cases when
we must be contented with a lesser protection.

The shelters so constructed will be mostly made ¢of a 1i-
ning of wooden frames or gheet-iron arches covered with a protec-
tive mass, Tor the egtablishment of which the following principles
ghould be romembered

lv/.~ A layer of logs of ¢,15 to ¢,20 meters diameter,

well fastened together, placed on the gurface of the natural earth,

and covered with 1 meter of earth, is eguivalent to 1 meter of natu~

ral earth.  (MAILLY).

0

z¢/- A layer of fresh turned earth offerg sbout half az

ey

much registance as a layer of natural soil of seme thickuness.

30/~ 1t is essential that the construction be made so that
the greater part of the protective mass does not bear on the bedy cf
the shelter; the value of the static efforts it will have to sﬁp~
port will thus be diminighed, and it will be irn better conditicn to
resist the dynamlc efforts cauced by the explocion of projectiles.

4°/- the resistance of the shelter will be considerably

increased by the adding of a shell-exploding 1ayef (bursters)

g e e e




B - T NP s e o il AP — 4
LOXigw 08 LOs0, Laodid, qe 4l Facds oF cement or oonoex ~ate,

etrong irsn sheets, layer of w»ilone or bursters.

Thewe slubs can be furnished from the Buogincer Yards, or
v spot by &ngineer Ltroope

They are certain elements of reinforced consrete that sre

-2

asgenbied on the spoet by wetwl olips fesbening the iron rivgs &t the

e AEied bypes are the VERUUN tryeg.
(see plate 47)
{ i fl o mana
{
gomposition : { 800 litres of gravel 0,024 m®

;

S

{400 Kgs, of rortland cesent.

Welght of the iron : & to 7 Kgse.
Welgnt of the slab @ about 90 Kos.

If vhe dimensiong of the gladb are reduced to .45

A
2
>

nt willl be rsdveesd o 80 kgs. if the above amount of Zravel
is used or 4 Kgs. 1T the gravel is replaced by irom slag.

4T tige is lacking, portland cement can be replaced by
grout (ciment fondu) that ssts 1n thres davg.

The oconnsctions of the slabs are cade of very sotvi stenl
locpe o 10 m/m and 0,60 meters long, clused by twisting To iacrzuge
the strewgt . (2 iie exploving layer, two layers of elabs way bLe
| FUTLUp0s It i8 well Lo ssparute the $x¢ laver by & thicuiwsd
of about 30 om. of eaxth, to faver the deflectiux of projectiies by

passing through different materials.
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It can bs aduitted that shelters are preof against 105

shella when'they comprise :

A bed of rails or Jjoined loge coversd with 1 meber of
n & rndin wrddln Aan Mmoo hnrnadtaor and +that thav ars mran? aosdinad 1 "
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shells when they comprise :
#wo layers of rails or 1logs separated by Q0 m 50 of sarth |

and covered with a layer of earth topped by a buraster.

'




